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(54) Molecular detection of chromosome aberrations 

(57) The invention relates to the field of cytogenet- 
ics and the application of genetic diagnostic techniques 
in pathology and haematology. Specifically, the inven- 
tion relates to nucleic acid probes that can be used in 
hybridisation techniques for the detection of chromo- 
somal aberrations and other gene rearrangements such 
as immunoglobulin (Ig) and T cell receptor (TCR) gene 
rearrangements. The probes provided by the invention 
are a distinct and balanced pair of probes of compara- 
ble size each preferably being from 1 to 100 kb, or 
smaller, and flanking a potential breakpoint in a chromo- 
some. 
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Description 

The invention relates to the field of cytogenetics 
and the application of genetic diagnostic techniques in 
pathology and haematology. Specifically, the invention 
relates to nucleic acid probes that can be used in 
hybridisation techniques for the detection of chromo- 
somal aberrations and other gene rearrangements such 
as immunoglobulin (ig) and T cell receptor (TCR) gene 
rearrangements. 

Chromosomal aberrations are a leading cause of 
genetic disorders or diseases, including congenital dis- 
orders and acquired dseases such as malignancies. At 
the basis of the above malignancies lies the fact that all 
cells of a malignancy have a common clonal origin. 
Chromosomal aberrations in malignancies stem from 
rearrangements, translocations, inversions, insertions, 
deletions and other mutations of chromosomes, but 
also losses or gains of whole chromosomes are found in 
malignancies, in many chromosome aberrations two dif- 
ferent chromosomes are involved. In this way, genes, or 
fragments of genes are removed from the normal phys- 
iological context of a particular chromosome and are 
located to a recipient chromosome, adjacent to non- 
related genes or fragments of genes (often oncogenes 
or protooncogenes). Such an aberrant genetic combi- 
nation can be the foundation of a malignancy. 

Often, such rearrangements involving two non- 
aberrant chromosomes happen in a somewhat estab- 
lished pattern. Breaks occur in either of the two chromo- 
somes at a potential breakpoint or breakpoint cluster 
region resulting in removal of a gene or gene fragment 
from one chromosome and subsequent translocation to 
the other chromosome thereby forming a rearranged 
chromosome where the rearranged fragments are 
fused in a fusion region. 

Detection of chromosome aberrations can be 
achieved using a wide array of techniques, various of 
which entail modern biomolecular technology. Tradi- 
tional techniques such as cytogenetic analyses by con- 
ventional chromosome banding techniques are, 
although highly precise, very labour intensive, require 
skilled personal and are expensive. Automated karyo- 
typing is useful for some diagnostic applications, such 
as prenatal diagnosis, but is ineffective in analysing the 
complex chromosomal aberrations of many malignan- 
cies. Furthermore, above techniques require fresh (cul- 
tured) cells, which are not always available. 

Other, more modern, techniques are Southern blot- 
ting or other nucleic acid hybridisation techniques or 
amplification techniques such as PCR, for the detection 
of well-defined chromosome aberrations for which suit- 
able nucleic acid probes or primers are available. With 
these techniques, fresh or frozen cells can be used, and 
sometimes even samples after formalin fixation as long 
as the nucleic acid sequences to be hybridised or ampli- 
fied remain intact and accessible. However, even with 
above modern technology, several disadvantages can 



be found that hamper the application of these diagnostic 
techniques in the rapid screening for chromosomal 
aberrations related to said malignancies. 

Southern blotting lasts 3 to 4 weeks, which is too 
s slow for efficient diagnosis and choice of therapy in 
malignancies, and allows only 10-15 kb of nucleic acid 
sequences to be analysed per probe analysis. 

PCR, although in essence well-suited for rapid and 
massive diagnostic testing or even screening, allows 
10 only 0.1 to 2 kb of nucleic acid to be analysed per PCR 
analysis, which greatly hampers rapid screening of vast 
stretches of chromosomes and breakpoint cluster 
regions within the chromosomes. An additional disad- 
vantage of PCR is its inherent sensibility to mismatched 
15 primers. Small, normal, and physiological alterations 
which can always be present in the nucleic acid 
sequence of the gene fragment complementary to the 
primer hamper the reliable application of PCR and 
eventually give rise to false-negative results. Especially 
20 false-negative results render a PCR-based diagnostic 
test albeit very specific, not sensitive enough for relia- 
ble diagnosis, and it goes without saying that only a reli- 
able diagnosis of malignancies can contribute to an 
understanding of the prognosis and the design of an 
25 adequate therapy. 

Ruorescent in situ hybridisation techniques (FISH) 
are less dependent on the complete matching of nucleic 
add sequences to get positive diagnostic results. In 
general FISH employs probe analyses with large, 
30 mainly unspecified, nucleic acid probes that hybridise, 
however often with varying stringency, with the genes or 
gene fragments located at both sides of the fusion 
region in the rearranged chromosome in the malignant 
cell. Using large probes renders the FISH technique 
35 very sensitive. The binding of the colocalizing probes is 
generally detected ether directly or indirectly with f luor- 
ochromes and visualised via fluorescence microscopy 
of a population of cells obtained from the sample to be 
tested. 

40 However, even the currently used FISH protocols 
have inherent disadvantages, these mainly relate to the 
selection of nucleic acid probes employed in the current 
FISH protocols, which can give false-positive results in 
the diagnosis of chromosomal aberrations. Hence, the 
45 diagnostic tests are, albeit sensitive, not specific 
enough to employ standard FISH techniques in massive 
or rapid diagnostic testing, let alone in automated test- 
ing or screening. 

Thus far, generally large probes, derived of cosmid 
so clones, YAC clones, or other cloned DNA fragments 
have been used as probes in FISH. The exact position 
of these probes in relation to the fusion region in the 
rearranged chromosome is unknown and they are of 
largely unspecified and varying genomic length 
55 (genomic length or distance as expressed as the 
number of nucleotides or bases (b)) and go without spe- 
cific selection or modification of these probes beyond 
the mere labeling of the probes with the necessary 
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reporter molecules i.e. fluorochromes. False-positive 
results obtained with these probes may stem from aspe- 
cific hybridisation with a wide array of (major) repetitive 
sequences present throughout various chromosomes, 
or from cross-hybridisation to homologous sequences 5 
in the genome, or from overlap of the used probes with 
the breakpoint duster region or from the difference in 
signal intensities as far as originating from size differ- 
ences of the probes. False-positive results are espe- 
cially detrimental to rapid diagnosis if rapid or routine w 
screening of patients is needed to detect malignancies 
or in evaluating treatment protocols. A false-positive 
result then necessitates cumbersome re-testing of 
patients, or even unsuspecting clients that have been 
submitted to routine screening protocols, and can 75 
greatly alarm these people. Furthermore, translocations 
are generally detected with two different probes, one for 
each of the involved chromosomes, which probes than 
colocalise during the in situ hybridisation in case of a 
translocation, but show separate signals when no trans- 20 
location is present. However, in practice 2 to 4% of nor- 
mal interphase cells tested by FISH will show false- 
positive results due to the fact that the two probes colo- 
calize by chance. An additional disadvantage of the cur- 
rent FISH protocols is that it is in practice necessary to 2 s 
know both chromosomes that are involved in the trans- 
location as well as the relevant breakpoint regions of 
both chromosomes to define the nucleic acid probes 
enabling the detection of the specified translocation, 
while as yet unknown or ill-defined translocations origi- 30 
nating from a well-known gene and an unknown partner 
gene remain undetected. 

The present invention provides nucleic acid probes 
that can be used in diagnostic testing for chromosome 
aberrations which combine a high sensitivity and a high 35 
specificity. The probes provided by the invention can 
hybridise, in situ or in vivo or in vitro with complemen- 
tary nucleic acid molecules such as (m)RNA or DNA, as 
e.g. transcribed by or found in (non-aberrant and/or 
rearranged) chromosomes. The present invention pro- 40 
vkJes for each translocation analysis a distinct and bal- 
anced pair of nudeic acid probes. The probes are 
distinct in that they each hybridise to a different 
sequence specifically selected and flanking a distinct 
potential breakpoint in a non-aberrant chromosome, as 
Furthermore, the pair formed by e.g. probe A and probe 
B is distinct from the pair formed by e.g. probe A and 
probe X. Furthermore, in above example probes A, B 
and X constitute three pairs, A-B. B-X and A-X. The 
probes in said pair are comparable or balanced in that so 
they are designed to be of comparable size or genomic 
length thereby facilitating the generation of signals of 
comparable intensity. In addition, said probes can be 
comparably labelled with reporter molecules resulting in 
signals of comparable intensity. In addition, said probes ss 
can each be labelled with a different fluorochrome, fadl- 
itating detection on one spot of different colour when 
they calocalize when no aberration is detected. Also, 



said probes can be selected to react with a chromo- 
some, at respective complementary hybridisation sites 
that are located at comparable distances at each side of 
a breakpoint or breakpoint duster region of a chromo- 
some. The distinct and balanced pair of nucleic acid 
probes provided by the invention entails probes that are 
of comparable size or genomic length, each probe of 
the pair for example being from 1 to 10 kb f or 7 to 15 kb, 
or 1 0 to 20 kb, or 1 5 to 30 kb, or 20 to 40 kb, or 30 to 50 
kb f or 40 to 60 kb, or 50 to 70 kb, or 60 to 80 kb, or 70 to 
90 kb, or 80 to 100 kb in length. By using such a distinct 
and balanced pair of probes flanking a breakpoint 
region and not overlapping the corresponding fusion 
region, false-positive diagnosis in hybridisation studies 
is avoided. The invention further provides a distinct and 
balanced pair of nucleic add probes, each being 
labelled with at least one (different) reporter molecule. 
Nudeic add probes can be labelled with chromophores 
or fluorochromes (e.g. FITC or TRITC) or by introdudng 
a hapten such as biotin and digoxigenin. Fluorochrome 
labelled probes can be detected directly. Hybridisation 
with haptenised nudeic acid probes is followed by indi- 
rect detection using chromopores, fluorochromes or 
enzymes such as peroxidase. The invention further pro- 
vides a distinct and balanced pair of nudeic acid probes 
which are characterised in that both probes hybridise to 
a single corresponding nudeic acid molecule or its com- 
plementary strand, or hybridise to one (non-aberrant) 
chromosome, or hybridise to a fragment thereof, possi- 
bly comprising the aberration, instead of two probes that 
hybridise separately to the two chromosomes that are 
involved in a given translocation. 

The invention further provides a distinct and bal- 
anced pair of nudeic acid probes which hybridise to 
said nudeic acid molecule at a genomic distance of no 
more than 1 00 kb, but preferably no more than 50 kb. In 
addition the invention provides a distinct and balanced 
pair of nucleic acid probes which hybridise in situ t and 
can i.e. be used in diagnostic tests entailing FISH tech- 
niques. Furthermore, the invention provides a distinct 
and balanced pair of nudeic acid probes which probes 
each hybridise in situ under varying but generally low- 
stringent conditions to only a few DNA molecules per 
cell. The nucleic acid probes composed of several DNA 
fragments are tested either on metaphase spreads or 
with Southern blotting for hybridisation sensitivity and 
specificity to select the probe on containing as little 
major repetitive sequences as possible, to avoid high 
background staining. The nucleic acid probes are tested 
in fiber FISH (i.e. hybridisation on extended single DNA 
fibers immobilised on glass slides), prior to being 
employed in diagnostic testing, for mapping and check- 
ing their relative positions. 

The invention further provides the use of said dis- 
tinct and balanced pair of probes in diagnostic testing 
for chromosome aberrations. The pair of probes accord- 
ing to the invention can be used in the detection of 
nucleic add comprising the aberration or fragments of 
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the aberration, or in the detection of cells, in situ or in 
vitro, comprising the chromosome aberration. The 
invention thus provides a pair or pairs of distinct and bal- 
anced probes which can be used in the detection of dis- 
orders or diseases related to chromosomal aberrations, 
i.e. malignancies, such as haematopoietic malignancies 
as further explained below. Furthermore, the invention 
provides a diagnostic kit or assay comprising a pair of 
nucleic acid probes according to the invention which 
can be used in the detection of disorders or diseases 
related to chromosomal aberrations, i.e. malignancies, 
such as haematopoietic malignancies with such a diag- 
nostic kit or assay provided by the invention it is ag. 
possible to monitor the effects of therapy and detect 
minimal residual disease or detect early relapse of can- 
cer. One can also identify the origin of bone marrow 
ceils following bone marrow transplantation. One can 
also detect viral sequences, and their localisation in the 
chromosome, in cells. More in detail the present inven- 
tion is described while referring to molecular detection 
of chromosome aberrations in hematopoietic malignan- 
cies. 

The development of reliable probes for detection of 
well-defined or even ill-defined chromosome aberra- 
tions in hematological malignancies is described as 
non-limiting example to illustrate the invention. Such 
probes can be used for diagnosis and for molecular 
classification of the involved malignancies. The new 
probes can be used in diagnostic testing in several 
types of hematological malignancies with increased 
sensitivity, specificity, and efficacy of analysis. 

Each year world-wide many cases of hematopoietic 
malignancies are being diagnosed. In the European 
Union (-375 million inhabitants) this concerns -98,000 
patients per year. The estimated number of patients in 
the USA (-250 million inhabitants) is -65,500 per year. 
The majority of hematological malignancies are of lym- 
phoid origin: acute lymphoblastic leukemias (ALL), 
chronic lymphocytic leukemias, most malignant lympho- 
mas, and multiple myelomas. The non-Hodgkin's lym- 
phomas (NHL) form the largest group, representing 
approximately half of all hematopoietic malignancies. 
Furthermore, European epidemiological studies show 
that the incidence of NHL is gradually increasing (-5% 
per year), which indicates that NHL poses a significant 
public health problem in Europe and most probably 
throughout the Western world. Although the annual 
number of patients diagnosed with ALL is smaller than 
for NHL, ALL has a high prevalence in children, repre- 
senting the most frequent malignancy in childhood. 

Lymphoid malignancies consist of a broad range of 
-25 different disease entities, which differ in clinical 
presentation, prognosis, and treatment protocols. 
These disease entities have been defined in the recent 
Revised European American Lymphoid neoplasm 
(REAL) classification. In this classification the lymphoid 
malignancies are divided in B-cell malignancies (-90%) 
and T-cell malignancies (-10%). 



The diagnosis and classification of lymphoid malig- 
nancies is generally based on cytomorphology and his- 
tomorphology, complemented with immunophenotypic 
information via flow cytometry andfor immunohisto- 

5 chemistry. This immunophenotypic information appears 
to be valuable for classification of lymphoid malignan- 
cies, such as the classification of ALL into pro-B-ALL 
common- ALL pre-B- ALL, and several types of T-ALL. In 
mature B-cell malignancies with immunoglobulin (ig) 

10 expression the diagnosis can be supported by immu- 
nophenotypic clonalrty assessment via detection of sin- 
gle Ig light chain expression, i.e. the distribution of fgx 
and IgX positive B-cells, which is heavily skewed in case 
of a B-cell malignancy. 

is The value of clonalrty assessment is based on the 
fact that all cells of a malignancy have a common clonal 
origin. In lymphoid malignancies this is reflected by the 
presence of identically (clonally) rearranged Ig and T 
cell receptor (TCR) genes: clonal Ig and/or TCR gene 

20 rearrangements are found in most (90-95%) immature 
lymphoid malignancies and virtually all (>98%) mature 
lymphoid malignancies. Therefore molecular clonalrty 
analysis of Ig and TCR genes is highly suitable for dis- 
crimination between monoclonal (malignant) and poly- 

25 clonal (reactive) lymphoproliferations. Suspect 
lymphoproliferations should therefore be subjected to 
molecular clonalrty assessment. 

During the last decade the knowledge about 
genetic aberrations in hematopoietic malignancies has 

30 considerably increased, especially in acute leukemias 
and NHL Currently, well-established chromosome 
aberrations are found in 35-40% of ALL and in 30-40% 
of NHL These chromosome aberrations can be used as 
alternative or additional markers for molecular clonalrty 

35 assessment. More importantly, these chromosome 
aberrations appear to be relevant classification mark- 
ers, which supplement the currently used morphological 
and immunophenotypic classification systems. It has 
been clearly demonstrated that several genetic aberra- 
nt? tions are associated with a favourable prognosis, 
whereas others are associated with poor prognosis, 
such as t(4;11) in pro-B-ALL and t(9;22) in common- 
ALL Several treatment protocols have started to use 
this information for stratification of treatment. Therefore 

45 it can be anticipated that rapid and reliable detection of 
well-defined genetic aberrations will become essential 
in the diagnosis and management of hematopoietic 
malignancies. 

Several different types of chromosome aberrations 

so have been identified in ALL and NHL The chromosome 
aberrations in precursor-B-ALL concern translocations, 
which result in fusion genes, encoding for fusion pro- 
teins with new or modified functions. Examples include 
the E2A-PBX and BCR-ABL fusion proteins, resulting 

55 from t(1 ;19) and t(9;22), respectively. Another important 
chromosome region, the 11q23 region with the MIL 
gene, is involved in several types of translocations in 
acute leukemias. In these 1 1q23 translocations different 
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partner genes are involved, leading to different fusion 
proteins. One of them is t(4;11), which is observed in 
-70% of Infant acute leukemias. Many chromosome 
aberrations in T-ALL and NHL involve Ig or TCR gene 
sequences in combination with oncogene sequences. 
These chromosome aberrations do not give rise to 
fusion proteins, but result in increased or stabilized 
expression of the involved oncogene, thereby contribut- 
ing to uncontrolled growth. They occur at relatively high 
frequency in particular disease categories, such as 
t(14;18) with involvement of the BCL2 gene in -90% of 
follicular lymphomas and t(11;14) with involvement of 
the BCL )/Cyclin D1 gene in -70% of mantle cell lym- 
phomas. 

From origin cytogenetic analysis of chromosomes 
-has been the standard technique for detection of chro- 
mosome aberrations. This technique needs the pres- 
ence of cells in metaphase, which generally requires 
various cell culture systems, dependent on the type of 
malignancy. The success rate for obtaining reliable 
karyograms is highly dependent on the type of malig- 
nancy and the experience of the laboratory and ranges 
from less than 50% to over 90%. Furthermore, some 
chromosome aberrations can not or hardly be detected 
by cytogenetic analysis such as TAL 1 deletions in T-ALL 
and t(12;21) in precursor-B-ALL Therefore in case of 
well-established chromosome aberrations the labor- 
intensive and time-consuming classical cytogenetics is 
now being replaced by molecular techniques. As said, 
molecular analysis of genetic aberrations can be per- 
formed with Southern blotting, polymerase chain reac- 
tion (PCR) techniques, and FISH techniques. 

Southern blot analysis has long been the most reli- 
able molecular method for detection of well-established 
chromosome aberrations, but this technique is depend- 
ent on the availability of suitable DNA probes, which 
recognize all relevant breakpoint cluster regions of the 
involved chromosome aberrations. The latter probably 
explains why BCL2 and BCL7/CydinD1 gene aberra- 
tions are detectable by Southern blotting in only 75% of 
follicular lymphomas and in only 50% of mantle cell lym- 
phomas, respectively. Furthermore, Southern bfot anal- 
ysis is time-consuming and requires relatively large 
amounts of high-quality DNA derived from fresh or fro- 
zen cell samples. 

Over the last five years, PCR-based techniques 
have been developed as alternatives for Southern blot- 
ting. PCR techniques have the advantage that they are 
rapid and require minimal amounts of medium-quality 
DNA, which might even be obtained from formalin-fixed 
paraffin-embedded tissue samples. Also mRNA can be 
used after reverse transcription (RT) into cDNA. RT- 
PCR is especially valuable in case of chromosome 
aberrations with fusion genes and fusion transcripts, 
such as frequently seen in precursor-B-ALL and in t(2;5) 
in large cell anaplastic lymphoma. Despite these obvi- 
ous advantages, the broad application of PCR tech- 
niques for detection of chromosome aberrations in 



hematopoietic malignancies is hampered by several 
problems. False-negative PCR results can be obtained 
if the DNA or mRNA from formalin-fixed paraffin-embed- 
ded tissue samples is less optimal than anticipated, or 
5 when primers are mismatching. False-positive results 
might be obtained due to cross-contamination of PCR 
products between samples from different patients; 
especially in case of RT-PCR studies of fusion gene 
transcripts it might be difficult to exclude false-positive 
w results. Finally, routine PCR analysis can only be used 
to study relatively small fusion regions of chromosome 
breakpoints (<2 kb). This implies that multiple oligonu- 
cleotide primer sets are needed to cover the most 
important breakpoint and fusion regions, whereas it will 
is be difficult to study large breakpoint or fusion regions 
(>10 kb). This explains the lower detectability of chro- 
mosome aberrations, and thus again the presence of 
false-negative results, at the DNA level by PCR as com- 
pared to Southern blotting. 
20 A major advantage of FISH techniques as com- 
pared to cytogenetic analysis, Southern blotting, and 
PCR analysis is that FISH can be performed on inter- 
phase nuclei of all kind of tissue and cell samples and 
that there is no need for extraction of DNA or mRNA. In 
25 FISH techniques generally large DNA probes (>25 kb) 
are used, which are located around the breakpoint 
regions of the studied chromosome aberration. This 
implies that FISH probes can scan much larger regions 
than Southern blot probes or PCR primers. This advan- 
30 tage is especially important for detection of breakpoints 
outside the traditional breakpoint cluster regions. Fur- 
thermore the use of large fluorescently-labeled DNA 
probes allow direct and rapid visualization of deletions 
and translocations of the studied gene regions. Applica- 
35 tion of the latest generation of fluorescent microscopes 
with multiple fluorochrome filter combinations, CCD 
camera, and appropriate computer software allow the 
combined use of multiple FISH probes, which are 
labeled with different fluorochromes. 
40 The availability of suitable probes is the main limit- 
ing factor in using FISH technology for detection of chro- 
mosome aberrations. Thus far, generally cosmid clones, 
YAC clones, or other cloned DNA fragments have been 
used without specific selection or modification of these 
45 probes. For many of these probes the position in the 
genome is not precisely known; they often even overlap 
with breakpoint cluster regions, and they often contain 
repetitive sequences which cause high background 
staining. Furthermore, translocations are generally 
so detected by use of two different probes, one for each of 
the involved chromosomes; these two probes are 
assumed to colocalize in case of a translocation, but 
show separate signals if no translocation is present. 
However, in practice 2 to 4% of normal interphase cells 
55 will show false-positive results due to the fact that the 
two signals colocalize by chance. 

For routine applicability of FISH techniques or other 
probe analysis assays or kits for the detection of chro- 
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mosome aberrations in the diagnosis and classification 
of hematopoietic malignancies, it is necessary to design 
distinct and balanced probes. 

1 . The probes of the invention are selected to form 
a distinct and balanced pair of nucleic acid probes; 
size of the probes is each within certain limits 
(e.g.10-30, or 20-40, or 30-50, or 40-60 kb), so that 
the intensity of the fluorescent signals of the various 
probes is comparable. 

2. In an additional embodiment of the invention the 
position of the probes constituting the pair is deter- 
mined precisely, i.e. no overlap with breakpoint 
cluster regions, the relevant breakpoints are prefer- 
ably located within 50 kb or preferably even within 
25 kb of either probe, and an additional probe pair 
has to be designed, if two breakpoint regions of a 
particular chromosome aberration are separated 
for more than 30-50 kb depending on the exact 
position of the probes. 

3. In a further embodiment the nucleic acid probes 
do not contain (major) repetitive sequences, and do 
not cross-hybridise, which results in high back- 
ground staining. For this reason the nucleic acid 
probes composed of several DNA fragments can be 
tested either on metaphase spreads or with South- 
ern blotting for hybridisation sensitivity and specifi- 
city. 

4. The nucleic acid probes can alternatively, or 
additionally be tested in fiber FISH prior to being 
employed in diagnostic testing, for mapping and 
checking their relative positions. 

5. It has additionally been found that detection of 
chromosome breakpoints becomes easier and 
more reliable, if two separate probes, labelled with 
two different fluorochromes, constituting said pair 
are designed around one of the breakpoint regions 
of a chromosome aberration. This will lead to colo- 
calization of the signals if no breakpoint is present. 
However rf a breakpoint occurs in the studied 
breakpoint region, the two differently labeled 
probes will result in two separate signals. 

6. In addition, the design of a third probe (labeled 
with a third fluorochrome) and thus the design of 
two additional distinct pairs of probes for the partner 
gene of the chromosome aberration allows precise 
identification of the chromosome aberration. 

Chromosome aberrations found with haematopoi- 
etic maligrmacies are useful for molecular classification 
of ALL and NHL However, several of these aberrations 
are more important than others, because of their high 
frequency or because of their prognostic value. For 
instance, t(14;18) occurs frequently in NHL, whereas 
t(12;21) is frequently found in childhood precursor-B- 
ALL On the other hand, translocations involving the 
MLL gene in the 1 1q23 region represent a poor prog- 
nostic factor and the presence of 11q23 (MLL gene) 



„ aberrations is already in use as an important factor for 
stratification of treatment in acute leukerflias. Also" 
t(9;22) in ALL has a poor prognosis and is used for 
treatment stratification 
5 The MLL (for myeloid-lymphoid leukemia or mixed- 
lineage leukemia) gene in chromosome region 1 1q23 is 
involved in several translocations in both ALL and acute 
myeloid leukemias (AML). In these translocations the 
MLL gene, encoding a protein that shows homology to 
w the Drosophila trithorax gene product, is fused to part- 
ner genes on different chromosomes. To date at least 
ten partner genes have been identified. Some of these 
translocations, like the t(4;11)(q21;q23) and 
t(1;1 1)(p32;q23), predominantly occur in ALL, whereas 
is others, like t(1;11)(q21;q23), t(2;11)(p21;q23), and 
t(6;11)(q27;q23), are more often observed in AML 
Other types have been reported in ALL as well as AML 
Treatment-induced AML with 11q23 aberrations can 
arise in patients previously treated with topoisom erase 
20 II inhibitors. Rearrangements involving the 1 1 q23 region 
occur very frequently in infant acute leukemias (around 
60-70%), and to a much lesser extent in childhood and 
adult leukemias (each around 5%). MLL gene rear- 
rangements, especially the t(4;1 1), have been shown to 
25 be a poor prognostic factor in infant leukemias, resulting 
in a 3-year overall survival of 5% as compared to 85- 
90% in cases with germline MLL genes. 

The large MLL gene (>100 kb) consists of 21 
axons, encoding over 3900 amino acids. Breakpoints in 
30 the MLL gene are clustered in a 8.5-9 kb region that 
encompasses exons 5-11. Because of its relatively 
small size, this breakpoint region is easily accessible for 
molecular detection of translocations. By choosing two 
distinctly-labeled FISH probes in the sequences flank- 
as ing the breakpoint region, any translocation involving 
the 1 1q23 region can be detected on the basis of segre- 
gation of the two fluorochrome signals, whereas the two 
fluorochromes colocalize when no rearrangement in the 
MLL gene has occurred. Furthermore, the use of a third 
40 fluorochrome for probes directed against partner genes 
enables the identification of the precise type of translo- 
cation. This two-step approach of FISH analysis guar- 
antees efficient and direct detection of all aberrations 
involving the 1 1q23 (MLL gene) region in the first step, 
45 whereas in the second step the type of 1 1q23 transloca- 
tion can be determined. 

Chromosome aberrations in lymphoid malignancies 
often involve Ig or TCR genes. Examples include the 
three types of translocations (t(8;14), t(2;8), and t(8;22)) 
so that are found in Burkitt's lymphomas, in which the MYC 
gene is coupled to Ig heavy chain (IGH), Ig kappa 
(IGK), or Ig lambda (/GL) gene segments, respectively. 
Another common type of translocation in this category 
is the t(1 4;1 8)(q32;q21 ) that is observed in -90% of fol- 
55 licular lymphomas, one of the major NHL types. In this 
translocation the BCL2 gene is rearranged to regions 
within the IGH locus within or adjacent to the JH gene 
segments. The result of this chromosome aberration is 
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the overexpression of the BCL2 protein, which plays a 
role as survival factor in growth control by inhibiting pro- 
grammed cell death. 

The BCL2 gene consists of only three exons, but 
these are scattered over a large area. Of these the last s 
exon encodes a large 3* untranslated region (3* UTR). 
This 3 f UTR is one of the two regions in which many of 
the t(14;18) breakpoints are clustered and is called 
"major breakpoint region" (mbr); the other breatyoint 
region involved in t(14;18) translocations, is located 20- 10 
30 kb downstream of the BCL2 locus and is called the 
"minor cluster region" (mcr). A third BCL2 breakpoint 
area, the vcr (variant cluster region), is located at the 5' 
side of the BCL2 locus and is amongst others involved 
in variant translocations, i.e. t(2;18) and t(18;22), in is 
which IGK and IGL gene segments are the partner 
genes. 

By choosing a set of FISH probes that are located 
in the regions upstream of the mbr region and down- 
stream of the mcr region, translocations in these 20 
regions can be detected upon segregation of the i luoro- 
chrome signals. An additional set of FISH probes is 
designed for the vcr region, since the distance between 
the vcr region and the other two breakpoint clusters is 
far too large (-400 kb) to use the same probes. As a 25 
second step in all these approaches, FISH probes in the 
IGH, IGK, and IGL genes are used for identification of 
the exact type of translocation. 

Claims 30 

1. A pair of nucleic acid probes of comparable size, 
each preferably being from 1 to 100 kb, more pref- 
erably each being from 1 to 10 kb, or 7 to 15 kb, or 

10 to 20 kb. or 10 to 30 kb, or 20 to 40 kb, or 30 to 35 
50 kb, or 40 to 60 kb, or 50 to 70 kb, or 60 to 80 kb, 
or 70 to 90 to, or 80 to 100 kb, and flanking a poten- 
tial breatyroint in a chromosome. 

2. A pair of nucleic acid probes according to claim 1 , 40 
each being labeled directly or indirectly with at least 
one reporter molecule. 

3. A pair of nucleic acid probes according to claim 2 
wherein the reporter molecule is selected from the as 
group consisting of enzymes, chromophores, f luor- 
ochromes, haptens (such as bkrtin or dgoxygenin). 

4. A pair of nucleic acid probes according to any of 
claims 1 to 3 characterised in that probes hybridise so 
to a single corresponding nucleic acid molecule. 

5. A pair of nucleic acid probes according to claim 4 
wherein the corresponding nucleic acid molecule is 

at least a fragment of a chromosome. ss 

6. A pair of nucleic acid probes according to claim 5 
wherein the chromosome is not aberrant. 



7. A pair of nucleic acid probes according to any of 
claims 4 to 6 which hybridise to said nucleic acid 
molecule at a genomic distance of no more than 
100 kb, but preferably no more than 50 kb. 

8. A pair of nucleic acid probes according to any of 
claims 1 to 7 which hybridise in situ. 

9. A pair of nucleic acid probes according to any of the 
claims above which probes each hybridise in situ 
under low-stringent conditions to only a few linear 
DNA molecules per cell. 

10. Use of a pair of nucleic acid probes according to 
any of claims 1 to 9 for the detection of a nucleic 
acid molecule comprising a chromosome aberra- 
tion. 

11. Use of a pair of nucleic acid probes according to 
any of claims 1 to 9 for the detection of cells com- 
prising a chromosome aberration. 

12. Use of a pair of nucleic acid probes according to 
any of claims 1 to 9 for the detection of a disorder or 
disease caused by a chromosome aberration. 

13. Use of a pair of nucleic acid probes according to 
any of claims 10 to 12 wherein the chromosome 
aberration is related to a malignancy. 

14. Use of a pair of nucleic acid probes according to 
any of claims 10 to 12 wherein the chromosome 
aberration is related to a hematopoietic malignancy. 

15. A diagnostic kit comprising at least a pair of nucleic 
acid probes according to any of claims 1 to 9. 
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